Vibrio parahaemolyticus, a common food-borne enteric pathogen in Asia, causes approximately half of the food poisoning outbreaks in Taiwan, Japan, and several Southeast Asian countries (5, 11) . Clinical manifestations of V. parahaemolyticus infections include diarrhea, abdominal cramps, nausea, vomiting, headaches, fever, and chills, with the incubation period ranging from 4 to 96 h (11) . Most clinical strains of V. parahaemolyticus produce a major virulence factor, the thermostable direct hemolysin (TDH), and are designated as Kanagawa phenomenon positive (KP ϩ ). Another virulence factor, the TDH-related hemolysin (TRH), is generally associated with the KP Ϫ (urease positive) strains of V. parahaemolyticus (13) . The KP Ϫ strains are also involved in some food poisoning outbreaks (8) and are seen sporadically in wound infections (10) .
Isolates of V. parahaemolyticus can be differentiated from each other by serotyping; 13 O groups and 71 K types have already been identified (9) . Although diversified serovars normally cause infections, a special serovar, O3:K6, abruptly appeared in India in 1996. These O3:K6 serovar organisms carrying the tdh gene accounted for 50 to 80% of V. parahaemolyticus infections in Calcutta after February 1996. Strains belonging to the same group were isolated from travelers arriving in Japan from various Southeast Asian countries (19) . In Taiwan, O1:K56, O3:K29, O4:K8, and O5:K15 were the most frequently isolated serovars from 1992 to 1995, though no serovar was dominant. Since 1996, however, the O3:K6 strains have caused numerous outbreaks in Taiwan, accounting for 51, 79, 61, and 65% of the outbreaks in 1996, 1997, 1998 , and the first half of 1999, respectively (unpublished data). This strain may also cause a pandemic spread to other continents. During
July to September 1998, an outbreak of O3:K6 V. parahaemolyticus infections associated with consumption of oysters and clams harvested from Long Island Sound occurred among residents of Connecticut, New Jersey, and New York. Laboratory testing of 12 V. parahaemolyticus clinical isolates, including the 8 traced to Oyster Bay, identified the O3:K6 serotype, which had not previously been detected in coastal waters of the United States. It is possible that this strain was introduced to U.S. coastal waters by ballast water discharged from ships which had traveled to Asia (3, 4) .
In this study, we collected 139 isolates of O3:K6 V. parahaemolyticus strains recently isolated in Taiwan. Some of these strains were isolated from travelers originating in several other Asian countries. The clonal relationship of these strains to the O3:K6 strains isolated in other Asian countries was analyzed by the pulsed-field gel electrophoresis (PFGE) method (25) . Biological characteristics, such as high toxin productivity or ability to survive in the natural environment, that are unique to the pandemic strains might provide further insight into the mechanism of the emergence and spread of these strains. Resistance to antibiotics and to environmental stresses, such as low-or high-temperature inactivation or a mild acid or lowsalinity treatment, may enhance the survival rates and spread of these O3:K6 strains in the host and the environment. The recently isolated O3:K6 strains were also compared to O3:K6 strains isolated before 1996 and to non-O3:K6 strains for the presence and expression of the tdh gene encoding TDH and for susceptibilities to antibiotics and various environmental stresses.
MATERIALS AND METHODS

Bacterial cultures.
The clinical stool specimens were collected from patients in food poisoning outbreaks, transported to the laboratory, and analyzed in less than 8 h according to standard procedures (6) . The specimens were added to 100 ml of alkaline peptone water and incubated at 37°C for 7 to 8 h. A loopful of the enrichment culture was streaked on thiosulfate-citrate-bile salt-sucrose agar (Difco Laboratories, Detroit, Mich.) and incubated at 37°C for 18 to 24 h. The a For comparison with recently identified O3:K6 strains isolated after 1996, the O3:K6 strains and other frequently occurring serovars isolated before 1996 were selected and examined in this study. UN, unknown; ND, not determined; D 50C , D value at 50°C. Toxin production and the presence of toxin genes in strains from India and Japan have been previously reported (19) . bacterial colonies were randomly selected and subjected to species identification using API 20E identification strips (API Systems, Montalieu-Vercieu, France) and by conventional methods (22) . The isolates were serotyped by using commercial antisera (Denka Seiken, Tokyo, Japan). The cultures were stored at Ϫ85°C in tryptic soy broth (Difco)-3% NaCl containing 20% glycerol.
Fourteen and 191 strains of O3:K6 V. parahaemolyticus isolated before and after 1996, respectively, were analyzed by PFGE. One hundred sixty-eight strains were isolated in Taiwan from different food poisoning outbreaks, and 2, 17, and 18 clinical strains were obtained from India, Japan, and Korea, respectively (Tables 1 and 2 ). The TDH production, antibiotic susceptibility, and susceptibility to environmental stresses of these O3:K6 strains were compared to those for 13 other clinical non-O3:K6 but frequently isolated serovars collected before 1996 in Taiwan ( Table 1) .
Determination of TDH titer. Each test strain was cultured in a broth medium composed of 2% Bacto Peptone, 0.5% D-mannitol, and 5% NaCl (pH 7.8) with shaking (180 rpm) at 37°C for 16 h. Twofold dilutions were made by using uninoculated culture broth in a 96-well microplate. The TDH titer in the spent culture medium was determined with reversed passive latex agglutination kits (Denka Seiken) (24) .
Determination of antibiotic susceptibility. Susceptibility of each test strain to antibiotics was examined by the disk diffusion method (23) . Antibiotic-loaded paper disks (Difco) were dispensed on Mueller-Hinton agar plates with bacterial lawn. After incubation at 37°C for 14 to 18 h, the size of the inhibition zone was recorded and interpreted according to the reference provided by the manufacturer. Twelve antibiotic disks were used: ampicillin (10 g), cephalothin (30 g), colistin (10 g), erythromycin (15 g), gentamicin (10 g), kanamycin (30 g), nalidixic acid (30 g), rifampin (5 g), streptomycin (10 g), tetracycline (30 g), tobramycin (10 g), and vancomycin (30 g).
Detection of tdh by PCR. The presence of the tdh gene in the test strain was examined by PCR with the use of primers 5Ј-GTACCGATATTTTGCAAA-3Ј and 5Ј-ATGTTGAAGCTGTACTTGA-3Ј, which were synthesized according to the published tdh nucleotide sequence (18), followed by detection of a 382-bp amplified fragment sequence.
The isolate was cultured on nutrient agar (Difco)-1% NaCl medium at 37°C overnight. Several well-grown colonies were chosen and resuspended in 300 l of TEB buffer containing 10 mM Tris-HCl, 1 mM EDTA disodium salt, and 0.1% sodium dodecyl sulfate, heated at 45°C for 30 min to lyse the cells. The lysate was centrifuged, and the supernatant was stocked at Ϫ20°C. DNA amplifications were performed in a reaction mixture consisting of a buffer solution (10 mM MgCl 2 , 500 mM KCl, 100 mM Tris-HCl [pH 8.3]) containing 200 M (each) dATP, dCTP, dGTP, and dTTP, 10 M primer, 0.15 l of DyNAZyme II thermostable DNA polymerase (Finnzymes Oy, Espoo, Finland), and 3 l of the lysate DNA in a final volume of 30 l. Amplification was performed in a thermal cycler (Personal cycler 20; Biometra Biomedizinische Analytik GmbH, Göttin-gen, Germany). The reaction mixture was overlaid with 50 l of sterile mineral oil and then was incubated in a thermal cycler at 95°C for 5 min. Thermostable DNA polymerase was added, and amplification was carried out for 40 cycles, each of which was set as follows: 94°C for 1 min, 48°C for 1 min, 72°C for 1 min, and finally, an additional 72°C for 5 min. The amplicons were detected by 1.8% agarose gel electrophoresis.
PFGE. DNA extraction, DNA digestion, and PFGE were performed according to procedures described elsewhere (25) . Bacteria on tryptic soy agar (Difco)-3% NaCl were transferred to 5 ml of TSB-3% NaCl and incubated overnight at 37°C with shaking at 160 rpm. Bacterial cells were harvested by centrifugation and resuspended in 2 ml of buffer containing 10 mM Tris, 100 mM EDTA, and 1 mM NaCl at pH 8.0. Agarose plugs were prepared by mixing an equal volume of bacterial suspension with 1.5% low-melting agarose (FMC Corp., Rockland, Maine). Bacterial cells in the agarose plugs were lysed by treatment with a solution containing 1 mg of lysozyme/ml and 0.1% N-sodium lauroyl sarcosine at 37°C for 24 h. The cells were then treated with proteinase K (0.5 mg/ml in 0.5 M EDTA and 1% N-sodium lauroyl sarcosine) at 45°C for 48 h and washed three times (30 min each) with TE buffer (10 mM Tris-HCl, 1 mM EDTA). One section of the plug (4 by 9 by 1.2 mm) was equilibrated with an enzyme buffer and then placed in 100 l of fresh buffer containing 10 U of SfiI (New England BioLabs, Beverly, Mass.). It was then incubated at 4°C for 16 h and, finally, digestion was performed at 37°C for another 48 h.
High-molecular-weight restriction fragments were resolved in 1% agarose gel in 0.5% Tris-borate-EDTA buffer by using a CHEF apparatus (CHEF-DR II; Bio-Rad Laboratories, Richmond, Calif.). The running conditions were 190 V for 22.4 h at 14°C, with 3 to 80 s of pulse time. A lambda ladder PFGE marker (New England BioLabs) was used to mark molecular size. After electrophoresis was performed, gels were stained in ethidium bromide (Sigma Co., St. Louis, Mo.), destained in distilled water, and photographed with a UV transilluminator, the Flou-Link 312 (Vilber Lourmat, Torey, France).
Susceptibility to environmental stresses. To determine the susceptibility to different environmental stresses, i.e., temperature or conditions of mild acid or low salinity, bacteria were cultured in 50 ml of Luria-Bertani broth-3% NaCl medium at 37°C for 16 h. V. parahaemolyticus is a vulnerable species and will be quickly inactivated under conditions that differ from those of its natural habitat in warm marine water (12) . Normally, this bacterium lives and proliferates in warm seawater, with optimum growth at 35 to 37°C, 3% NaCl, and neutral acidity (2) . The maximum growth range of this pathogen is about 5 to 44°C, pH 4.8 to 11.0 (2). Temperature at 13°C or salinity below 0.5% NaCl inhibits growth of this bacterium (2). Although V. parahaemolyticus is alkaline tolerant, treatment with mild acid at pH 4.4 is lethal (26) . For temperature stresses, the cultures were shifted to either 4 or 50°C (14) . For mild acid stress, the bacterial cultures were a Designation of these patterns followed a revised PFGE typing scheme for the clinical strains collected between 1992 and 1995 in our laboratory. b n, number of isolates. c Some strains were isolated from travelers returning from other Asian countries to the place of the origin of the isolates; others are domestic strains. n, number of strains.
acidified to pH 4.0 by adding 12 N HCl. For low-salinity stress, the bacterial cells were collected by centrifugation, washed, and resuspended in 50 ml of 0.2% NaCl (26) . After shifting to different stress conditions, the numbers of surviving cells were determined at various intervals by the dilution plate count method. Decimal dilutions were prepared in 0.1% peptone-3% NaCl, and the diluted cultures were plated on tryptic soy agar-3% NaCl and incubated at 37°C overnight. Triplicate determinations were performed for each dilution. Finally, the D values (the time required to cause a 90% reduction in the count of viable cells) for 50°C, pH 4, and low salinity were calculated by the curve-fit function of Slide Write Plus software, version 1.10 (Advanced Graphic Software, Inc., Carlsbad, Calif.). The percent survival was also determined for each strain at 4°C for 6 days when a significant decrease of survivors was observed.
Statistical analysis. The size of each band resolved in PFGE was determined by Stratascan 7000 densitometry with one-dimensional analysis software (Stratagene, La Jolla, Calif.). Data were coded as 0 (negative) or 1 (positive). Hierarchical cluster analysis was performed using the average linkage method with the squared Euclidean distance measure (15) . The dendrogram was produced with the SPSS for Windows Release 6.0 program (SPSS, Inc., Chicago, Ill.). The susceptibilities to environmental stresses for different categories of V. parahaemolyticus strains were examined by analysis of variance with Duncan's multiple range test at P Ͻ 0.05.
RESULTS AND DISCUSSION
PFGE analysis. In contrast to V. cholerae, infections of V. parahaemolyticus were usually not associated with particular dominating serovars in the past. In this study, we examined 205 strains of O3:K6 V. parahaemolyticus by PFGE following the digestion of the SfiI enzyme. Most of these strains were isolated in Taiwan, Korea, and Japan, with a portion of Taiwanese strains and all Japanese strains isolated from travelers originating in other Asian countries. Those strains accurately represent the pandemic strains in Asia. Cumulatively, 13 different PFGE patterns were discriminated in these O3:K6 strains (Tables 1 and 2 and Fig. 1 and 2) . After cluster analysis, these PFGE patterns appeared to be divided into two distinct groups (Fig. 3) . Designation of these patterns followed a revised PFGE typing scheme for the clinical strains collected between 1992 and 1995 in our laboratory. Those strains isolated before 1996 belonged to one group, with patterns A1, A2, A3, B2, and R. This group was also not homogenous with two satellite patterns B2 and R. The strain 272 with pattern B2 was isolated in 1993 in Kaohsiung, Taiwan, while strain AQ3810 (pattern R) was isolated from a traveler returning to Japan from Singapore in 1983. Patterns A1, A2, and A3 were also genetically closely related to each other (Table 1 and Fig. 2) . Those recently identified O3:K6 strains isolated after 1996 and causing pandemics were grouped into eight closely related PFGE patterns, I1 to I8, with pattern I1 (81.2%) the most frequently isolated pattern, followed by pattern I5 (13.1%). Pattern I1 was also the major one for strains from different countries, such as Taiwan, Korea, Japan, and India (Table 2) . Notably, patterns I3, I5, and I8 were found in strains isolated from Taiwan and several other countries. Moreover, they are probably dispersed in this pandemic spread along with the major I1 pattern. Genomic reassortment has been demonstrated by Bag et al. (1) when examining the O3:K6 strains of India. It is speculated that these minor patterns (I2 to I8) are derived from the I1 pattern after minor genomic reassortment, although we needed more confirmative genetic study. Another interesting finding is that the nine strains of pattern A3 were isolated from travelers to Japan returning from different countries, such as Singapore, Hong Kong, Thailand, and the Maldive Islands, between 1982 and 1993 (19) ( Table 2 ). The closely related patterns A1, A2, and A3 indicated that before the incidence of O3:K6 strains in 1996, spreading of genetically similar clones of V. parahaemolyticus had occurred in these Asian countries for many years.
tdh detection and TDH production. J. Okuda et al. also reported that the O3:K6 strains recently isolated in India and Japan were tdh positive and trh1 and trh2 negative. The levels of TDH production in these strains did not differ significantly from those of other KP ϩ strains carrying the tdh gene (19 tdh gene was detected by PCR in all of the 37 selected strains: 24 were O3:K6 strains recently isolated in Taiwan and Korea and 13 were other non-O3:K6 reference strains (Table 1) .
We compared the levels of TDH production for 25 O3:K6 strains recently isolated in Korea and Taiwan to those for 12 other tdh gene-positive strains isolated before 1996 (Table 1) . We confirmed that O3:K6 strains recently isolated in Taiwan and Korea did not produce TDH at significantly higher levels than did the strains isolated before 1996. Although an O3:K6 strain recently isolated in Taiwan, strain 1114, was tdh positive, the TDH production in this strain was not detected. This may be due to a mutation in the promoter of the tdh gene (20) .
Susceptibility to antibiotics. Strains of V. cholerae isolated after the epidemic of serovar O139 reveal an expanding antibiotic resistance to a variety of drugs compared to the O1 strains isolated before the advent of the O139 serovar (17) . Enhanced antibiotic resistance of pathogens may also increase their survival rates. In this study, 55 strains isolated before and after 1996 were examined for their susceptibilities to 12 antibiotics by the disk diffusion method. Most of these strains were resistant to ampicillin and vancomycin, and 56.4, 48.7, and 69.2% of these strains were resistant to cephalothin, erythromycin, and rifampin, respectively (Table 3 ). The recently isolated O3:K6 strains were compared with O3:K6 and non-O3:K6 strains isolated before 1996, revealing that these two groups are similar in antibiotic susceptibility. The O3:K6 strains recently isolated in India were judged to be generally sensitive to eight antibiotics, four of which were tested in this study, when their MICs were determined (19) . A comparison of the results obtained in the two studies indicated that sensitivities of the Indian strains and the recently isolated O3:K6 strains examined in this study were similar.
The patterns of antibiotic susceptibility for those strains examined were grouped into 39 different antibiograms (data not shown). In contrast to the PFGE analysis, the distribution of different antibiograms was not associated with specific serovar or PFGE patterns (Table 1) . Antibiogram analysis is a useful typing method for some pathogens (21) . However, antibiotic susceptibility is a changeable phenotypic trait compared to the stable results of PFGE analysis of the chromosomal DNA (21) . The presence of the R plasmid in this pathogen has been shown and will probably enhance the variation of antibiotic susceptibility in different strains (7) . So the finding of various antibiograms among these O3:K6 strains was a plausible result.
Susceptibility to environmental stresses. Bacteria that are highly resistant to environmental stress may survive better in the environmental substrate and have a greater chance to spread. Thirty of the recently isolated O3:K6 strains from Taiwan, Korea, and Japan were examined for their susceptibilities to different environmental stresses and compared to those of other reference strains ( Table 1 ). The average D values at 50°C, at pH 4, and at 0.2% NaCl were about 3 to 4 min, 6 to 11 min, and 80 to 120 min for different categories of strains, respectively. About 5 to 12% of the strains of O3:K6 and non-O3:K6 serovars isolated before 1996 survived at 4°C for 6 days (Table 4) . No particularly stress-resistant strain was discerned. V. parahaemolyticus is a vulnerable species and is usually rapidly inactivated at 48 and 55°C, at salinity below 0.5%, or at pH 4.0 (2). When the strains were grouped according to their location of isolation and compared, some groups differed significantly. For example, the recently isolated O3:K6 strains from Japan had a significantly lower low-temperature survival rate while having a higher resistance to mild acid and lowsalinity treatments. When all the recently isolated O3:K6 strains as a group were compared with other strains, the group of recently isolated O3:K6 strains basically did not show any specific trait that would enhance its survival in the environ- ment. There should be undiscovered characteristics in these O3:K6 strains that enable their pandemic spread.
As compared by the arbitrarily primed PCR method, the O3:K6 strains isolated between 1982 and 1993 differed from those isolated after 1996; those recently isolated O3:K6 strains belonged to a unique clone (19) . Clonality of the new O3:K6 strains was also confirmed by the analysis of the toxRS sequence, which differs from those of the old O3:K6 strains at at least seven base positions within a 1,346-bp region. A new PCR method targeted for the toxRS sequence was developed to detect this new group of O3:K6 strains (16) . While analyzing these O3:K6 strains recently isolated in India, Bag et al. observed the presence of a major ribotype, R4. By another PFGE method using NotI digestion, they showed the presence of one clone (1) . The PFGE procedure used in this study was more discriminative, and the recently isolated O3:K6 strains could show eight different patterns.
In conclusion, our PFGE analysis has demonstrated that the new O3:K6 strains isolated after 1996 in Taiwan, Korea, Japan, and India form a genetically closely related group that is distinct from the O3:K6 and non-O3:K6 strains isolated before 1996. The results provide a line of evidence that the new clone of O3:K6 has caused a pandemic spread. However, the new O3:K6 strains and the earlier isolates did not differ in biological characteristics such as TDH production and susceptibilities to antibiotics and environmental stresses. A future study is needed to find out what other characteristic(s) is associated with the pandemicity of the clone.
